Introduction 10
Prochlorococcus and marine Synechococcus are abundant unicellular marine 11 cyanobacteria (Waterbury et al., 1986; Chisholm et al., 1992) , for which 13 12 completed genomes are now available (Table 1) . Although members of the two 13 genera are more than 96% identical in their 16S rRNA sequences, their genomes 14 are surprisingly divergent, possibly due to high mutation rates and the lack of 15 several DNA repair enzymes in some of the genomes (Rocap et al., 2003) . open reading frame (here designated HCP for Hyper-Conserved Protein), of 62total branch length of a phylogenetic tree reconstructed from the concatenated 1 alignment (the tree was reconstructed using NEIGHBOR from the PHYLIP 2 package (Felsenstein, 1993) . 23
the C-terminal 3
In the CC9902, MIT9515 and CC9311 genomes the HCP gene is annotated with 4 an alternative start codon. This appears to be an artifact of automated genome 5 annotations, since in the CC9902 genome this alternative start codon leaves only 6 three nucleotides between the upstream Trp-tRNA gene and the HCP, while in 7 the latter two genomes it overlaps with the Trp-tRNA gene by 29 nucleotides. 8
There appears to be a length variant of the HCP gene, resulting from mutation of 9 the stop codon TAA to CAA and hence causing two extra amino acids at the C 10 terminal (QK) present in two out of 13 genomes (MIT9312 and AS9601), as well 11 as in the Global Ocean Sampling Expedition database (see below). 12
13

HCP is a group-specific protein 14
This ORF is found in no other cyanobacterium (10 sequenced genomes), nor in 15 any other genome or database, with the exception of the "Global Ocean 16
Sampling Expedition" metagenome. Several samples of the Global Ocean 17
Sampling Expedition database had significant BLAST hits to the HCP (total of 18 119 hits with E-value <10 -27 ). The samples that return BLAST hits are from the 19 Sargasso Sea, Caribbean Sea, Eastern Tropical Pacific, and from the Pacific 20
Ocean near the Galapagos Islands. Somewhat unexpectedly, no significant 21 sampled as deeply as the ones from the Global Ocean Sampling Expedition. 1 Also, no significant BLAST hits were found in the viral metagenomes that were 2 available for the BLAST at the CAMERA website (see Materials and Methods) . HCP genes, all synonymous, indicating that the ORF does indeed encode 8
protein, that it is under purifying selection, and that it has resided for some time in 9 these genomes. Indeed, the 13 analyzed genomes have a very broad range of 10 GC content, varying from 31% to 59% GC, and the GC content of the HCP gene 11 follows that of the host genome (although it is in general higher due to the fact 12 that 23 out its 62 amino acids require GC rich codons) (see Table 1 can be predicted to contain a promoter (Vogel et al., 2003) . 21
Although dot plots (not shown) indicate that synteny is not widely conserved 1 among the 13 genomes, the HCP gene occurs in the same genomic context in 2 all, flanked by Glutamyl tRNA synthetase (gltX) and Asp-tRNA coding genes on 3 its 3' end and by the ribosomal protein L19 (rpl19) and the Trp-tRNA genes on its 4 5' end (Fig. 2) . In the 10 other completely sequenced cyanobacterial genomes, 5 the gltX+Asp-tRNA and L19+Trp-tRNA gene clusters are usually found, but not in 6 close proximity to each other. In several genomes, the L19 and Trp-tRNA genes 7 are followed by a small ORF coding for SecE. However, no significant similarity 8 was found between the SecE and the HCP genes. 9
10
HCP might be involved in DNA/RNA interactions 11
Computational predictions of transmembrane helices, coiled-coils and helix-turn-12 helix motifs did not return any significant results. However, the protein has a 13 predicted isoelectric point of 11.3, and a high proportion of positively charged 14 amino acids (16%), which suggests that it might be involved in DNA/RNA 15 interactions. For the MIT9313 genome only 47 (2%) of the proteins are more 16 alkaline and have a higher proportion of positively charged amino acids. 17
18
Conclusions 19
It is remarkable that HCP has been under such strong purifying selection that not 20 a single amino acid change has occurred during the divergence of the 21 especially so since HCP is of unknown function. Examination of several other 1 groups for which multiple genomes are available shows that the highly conserved 2 core proteins (none were 100% conserved, but several families had 97-99% 3 conserved alignment sites) are usually well-characterized functionally, with 4 homologs outside the examined group (data not shown). The functional role of 5 the HCP in the Prochlorococcus/marine Synechococcus group therefore invites 6 further, experimental, investigation. 7 8
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